liiiniiii 

OFnCE  OF  NAVAL  RESEARCH 
GRANT :  N00014-89-J-3062 
R&T  Code  4132084 


Technical  Report  No.  24 


Synthesis  of  Polyphenylenes  via  Bergman  Cyclization  of  Enediyne  Monomers 

by 

Tour,  J.  M.;  John,  J.  A. 


Accepted  for  Publication  in 
Polym.  Prepr,  (Am.  Chem.  Soc.,  Div.  Polym.  Chem.) 


OTIC 

ELECTE 
u£C0 11993 


Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia,  SC  29208 


November  22, 1993 


Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United  States  Government 
This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is  unlimited. 


93-29301 

iimiiiii .  p(^^ 


^8  11  0  0  1  8 


REPORT  DOCUMENTATION  PAGE 


form  Approved 
0MB  No  0704-OieB 


••D  f  “5  'C'  r-  t  ♦ct'O''  to  4*tt4^t  t  How^  Otr  re»po'**e  mc/«Offtg  |m#  tim^  tot  »r«rcft<A^  ««>»t>n9  cjC«  tov^cn. 

9«t*>er<*a‘«ne  th«  nreoM  «no  (c^o>«tiA9  4^  the  .o^ieriiOh  o*  •Mo«m«tiOh  Whtf  coMt'henu  reoA'dihg  th<i  ^rtfeh  o*  snir  other  etaen  o<  ttui 

<CW»Ort.O«  0*  ihforrritiC''.  •hCudihJ  W99«*'Ch*  tOr  redw()n9  th»%  Ow^den  to  eWdkhin^tOh  HeddOudrter%  Wr*r(n.  O'ceflorete  tO'  ihfor»hot*Oh  Operotto^H  #hd  depor^t.  lit*  igt^moh 

De.rt  h  Sw'te  tiCd  Arx^^icn.  ,r*  i}2C3>*iQ2  dhd  to  the  Oti*<e  o«  Me»»e9eh'eht  end  9wd9et  deperwofi  dedyci>ohdroten  (0 704-0 tM)  td^evhm^toh  DC  iOSOI 


1.  AGENCY  USE  ONLY  (L94^e  blink)  I  2.  REPORT  OAT£ 

1  11/22/93 


4.  TITLE  AND  SUBTITLE 


J.  REPORT  TYPE  AND  OATES  COVERED 

Technical  Report 


S.  FUNDING  NUMBERS 


Synthesis  of  Polyphenylenes  via  Bergman  Cyclization  of  Enediyne  G“  N00014-89-J3062 
Monomers.  413208A 


6.  AUThOR(S) 


Tour,  J.  M.;  John,  J.  A. 


7.  PERFORMING  ORGANIZATION  NAME(S)  ANO  AOORESS(ES) 
Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia.  SC  29208 


PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  ANO  AOORESS(ES> 
Department  of  the  Navy 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217-5000 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


Polym.  Prepr.  (Am.  Chem.  Soc.,  Div.  Polym.  Chem  >  1993,  34(2), 
372. 


1Z4.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Reproduction  In  whole  or  in  part  is  permitted  for  any 
purpose  of  the  United  States  Government.  This  document  has 
been  approved  for  public  release  and  sale;  its  distribution 
is  unlimited. 


12b.  DISTRIBUTION  CODE 


13.  abstract  {Miximum  200  words) 


Described  is  the  synthesis  of  polyphenylenes  via  the  Bergman  cyclization  of  enediyne 
monomers.  These  monomers  were  synthesized  via  the  Stephans-Castro/Sonogashira  reaction 
and  polymerized  under  varying  conditions. 


17.  SECURITY  classification 

OF  report 
Unclassified 


18.  security  classification 
OF  this  page 
Unclassified 


19.  SECURITY  classification 
OF  ABSTRAa  . 
Unclassified 


IS.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


20.  LIMITATION  OF  ABSTRACT 


NSN  7540-01  •280-5500 


Standard  Form  298  (Rev  2-89) 


Synthesis  of  Polyphenylenes  via  Bergman 
Cyclization  and  Polymerization  of  Enediyne 

Monomers 


James  M.  Tour*  and  Jens  A.  John 
Department  of  Chemistry  and  Biochemistry 
University  of  South  Carolina 
Columbia,  South  Carolina  29208 

In  the  early  1980s  Bergman's  study  of  thermal 
cycloaromatization  of  enediynes  led  to  the  suggestion 
of  a  1,4-benzene  diradical  as  an  intermediate.  1  Later, 
DNA-cleaving  antibiotics  such  as  the  esperamicins, 
calicheamicins  and  dynemicins  were  discovered  to 
possess  a  cyclic  enediyne  moiety  which  underwent  a 
Bergman  cyclization  upon  activation.2  Therefore 
synthetic  and  mechanistic  studies  were  performed  to 
investigate  this  reaction  further  by  thermally  cyclizing 
a  wide  variety  of  enediynes  in  the  presence  of  1,4- 
cyclohexadiene  as  a  radical  quencher.  1»3 


6::^a: 


Since  the  natural  products  contained  cyclic  enediynes, 
most  of  the  studies  focused  on  these  compounds.  The 
model  cyclizations  in  the  presence  of  1,4- 
cyclohexadiene  resulted  in  moderate  yields  of 
substituted  benzenes  and  polymeric  by-products. 

Our  interest  in  the  area  was  kindled  when  we 
regarded  the  intermediate  1,4-benzene  diradical  as  a 
building  block  for  substituted  polyphenylenes. 
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In  addition,  benzene  analogs  of  enediynes  were 
envisioned  to  form  1,4-naphthalene  diradical 
intermediates  which  in  turn  could  lead  to  naphthalene- 
based  polymers. 


The  targeted  monomers  all  contained  non-cyclic 
enediynes  to  ensure  better  stability  and  ease  of 
synthesis. 


Receiiily,  Swager  et  al.  used  cyclic  benzene 
analogs  of  enediynes  to  construct  an  all  carbon  ladder 
polymer.'^ 

Synthesis  of  Enediyne  Monomers 

Both  alkenyl  and  aryldiyne  monomers  were 
synthesized  via  the  Stephans-Castro/Sonogashira 
reaction^  in  which  a  vinyl  or  aryl  halide  was  coupled 
with  a  terminal  acetylene. 


dlsubstituted  alkynyl  and  aryl  diyne  monomers.  A  list 
of  the  monomers  prepared  is  shown  below. 


CsHis'/t 


;tms 


CsHjs-n 


CsHia-n 


CeHi3-n 


These  monomers  were  then  polymerized  under  various 
conditions  (Table  I). 


Table  I. 


Monomer 

Method^/ 

Temp. 

Mw 

Mn 

Mw 

Mn 

solubility 

1 

A/170 

• 

• 

insoluble 

2 

A/400 

245 

141 

1.7 

0.33  sol. 
0.67  insol. 

3 

A/340 

106 

71 

1.5 

0.5  sol. 
0.5  insol. 

4 

A/300 

2850 

1040 

2.7 

soluble 

5 

A/300 

590 

430 

1.4 

soluble 

4 


B/120 


325  312  1.0  soluble 

4 

5  B/140  1880  790  2.4  soluble 

6  B/120  3930  1570  2.5  soluble 

5  D/150  915  522  1.7  soluble 

7  B/150  305000  9500  32  soluble 

7  C/140  2000  630  3.2  soluble 

7  A/150  2000  630  3.2  soluble 

7  E/47  to  118  3200  940  3.4  soluble 

8  B/95  10600  4100  2.6  soluble 

^Method  A:  heated  neat.  Method  B:  heated  in 

benzene.  Method  C:  added  slowly  to  refluxing  1,2- 
dichlorobenzene.  Method  D:  heated  together  with  a 
radical  initiator.  Method  E:  slowly  increased 
temperature  over  several  hours. 

Discussion 

These  results  led  to  several  conclusions.  First,  the 
use  of  benzenoid  monomers  was  not  efficacious  due  to 
the  lack  of  polymer  solubility,  low  molecular  weights 
and  high  polymerization  temperatures  required. 
Secondly,  alkyl  substituents  in  the  monomer  led  to  low 
molecular  weights  presumably  due  to  radical  transfer 
generating  more  stable  alkyl,  allylic,  or  benzylic 
radicals  and  ultimately  causing  premature  chain 
termination.  Last,  substitution  on  both  alkynes 
required  higher  polymerization  temperatures.  At  these 
temperatures,  decomposition  of  the  monomer  may 
compete  with  polymer  growth.  The  best  results  were 
obtained  when  one  of  the  alkynes  was  unsubstituted 
and  the  other  one  was  bearing  an  aromatic  group. 

Conclusion 

This  study  has  shown  the  feasibility  of  the 
polymerization  of  enediyne  monomers  via  a  Bergman 
cyclization  to  afford  low  molecular  weight 
polyaromatics.  Our  results  show  that  soluble 
polyphenylenes  can  be  easily  made  from  non-cyclic 
enediynes.  Further  studies  with  other  aryl 
substituents  are  planned  to  narrow  the  polydispersity 
and  increase  the  molecular  weight. 


Acknowledgments.  We  are  grateful  for  support  from 
the  Office  of  Naval  Research  and  the  National  Science 
Foundation  (EHR-91-08772,  DMR-9158315),  and 
generous  industrial  contributors  to  the  NSF  Presidential 
Young  Investigator  Award  (1991-96):  Hercules,  IBM, 
Ethyl,  Shell,  and  Eli  Lilly  Coiporadons.  We  also  thank 
Molecular  Design  Ltd.  for  the  use  of  their  synthetic  data 
base. 

(1)  Lockhardt,  T.  P.;  Comita,  P.  B.;  Bergman,  R.  G.  J. 
Am.  Cbem.  Soc.  1981,  103,  4082.  Lockhardt,  T.  P.; 
Bergman,  R.  G.  J.  Am.  Chem.  Soc.  1981, 103, 4091. 

(2)  Lee,  M.  D.;  Dunne,  T.  S.;  Siegel,  M.  M.;  Chang,  C. 
C.;  Morton,  G.  O.;  Borders,  D.  B.  J.  Am.  Chem.  Soc.  1987, 
109,  3464.  Lee,  M.  D.;  Dunne,  T.  S.;  Chang,  C.  C.;  Ellestad, 
G.  A.;  Siegel,  M.  M.;  Morton,  G.  O.;  McGahren,  W.  J.; 
Borders,  D.  B.  J.  Am.  Chem.  Soc.  1987, 109, 3466.  Golik, 

J. ;  Clardy,  J.;  Dubay,  G.;  Groenewold,  G.;  Kawaguchi,  H.; 
Konishi,  M.;  Krishnan,  B.;  Ohkuma,  ri.;  Saitoh,  K.;  Doyle,  T. 
W.  J.  Am.  Chem.  Soc.  1987, 109,  3461.  Golik,  J.;  Dubay, 
G.;  Groenewold,  G.;  Kawaguchi,  H.;  Konishi,  M.;  Krishnan, 

B. ;  Ohkuma,  H.;  Saitoh,  K.;  Doyle,  T.  W.  J.  Am.  Chem.  Soc. 
1987,  109,  3462.  Konishi,  M.;  Ohkuma,  H.;  Matsumoto, 

K. ;  Tsimo,  T.;  Kamei,  H.;  Miyaki,  T.;  Oki,  T.;  Kawaguchi,  H.; 
VanDuyne,  G.D.;  Clardy,  J.  J.  Antibiot.  1989,  42,  1449. 
For  a  recent  review  see:  Nicolaou,  K.  C.;  Dai,  W.-M. 
Angew.  Chem.  Int.  Ed.  Engl.  1991,  30, 1387. 

(3)  Beau,  J.  M.;  Crevisy,  C.  Tetrahedron  Lett. 
1991,  32,  3171.  Singh,  R.;  Just,  G.  Tetrahedron  Lett. 
1991,  32, 185.  Nagata,  R.;  Yamanaka,  H.;  Murahashi,  E.; 
Saito,  I.  Tetrahedron  Lett.  1990,  31,  2907.  Nicolaou, 
K.C.;  Maligres,  P.;  Shin,  J.;  de  Leon,  E.;  Rideout,  D.  J.  Am. 
Chem.  Soc.  1990,  112,  7825.  Wender,  P.  A.;  McKinney, 
J.  A.;  Mukai,  C.  J.  Am.  Chem.  Soc.  1990, 112,  5369. 

(4)  Zhou,  0,;  Swager,  T.  M.  Polym.  Prepr.  (Am. 
Chem.  Sex:.,  Div.  Polym.  Chem.)  1993,  34, 193. 

(5)  Sonogashira,  K.;  Tohda,  Y.;  Hagihara,  N.; 
Tetrahedron  Lett.  1975,  4467.  Stephans,  R.  D.;  Castro, 

C.  E  J.  Org.  Chem.  1963,  28,  3313.  Suffert,  J.;  Ziessel,  R. 
Tetrahedron  Lett.  1991,  32,  757. 


